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ABSTRACT: An efficient and highly practical palladium-
catalyzed arylperfluoroalkylation of unactivated olefins is pre-
sented here. A variety of perfluoroalkylated heterocyclic
derivatives can be obtained in high regioselectivity. The reaction
proceeds mildly without the electronic activation of the aryl group
and features high generality, low-cost fluoroalkylated sources and
good functional-group compatibility.

B INTRODUCTION

The incorporation of fluorinated functional groups into the
organic molecules exerts a remarkable effect on their lip-
ophilicity, metabolic stability, and medicinal activities." There-
fore, the development of novel methods to prepare fluorinated
compounds has become an intensive topic of the synthetic
community. The past few years have witnessed the develop-
ment of Pd-mediated single electron transfer (SET) processes
and their increased efficiency for the construction of a carbon—
fluorocarbon (C—R;) bond.” Perfluoroalkylation of olefins,
which are of paramount importance in organic synthesis, has
drawn great interest from the chemical society recently. For
example, Zhang et al. reported one pioneering study of Pd-
catalyzed Heck-type reaction of fluoroalkyl bromides with
styrene derivatives in 2015 (Scheme 1a).”> In this context, the
selective difunctionalization of alkenes has received increasing
attention, as they enable the incorporation of vicinal functional

Scheme 1. Hypothesis for a Pd-Catalyzed
Arylperfluoroalkylation Reaction from Perfluoroalkyl
Halides
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groups in a single synthetic operation. To date, there have been
substantial efforts on Pd-catalyzed perfluoroalkylation of
activated alkenes,” but difunctionalization of unactivated olefins
is less studied® due to the side reactions such as deprotonative
fluoroalkylation caused by a highly reactive alkyl radical.’
Recently, Alexanian and co-workers have successfully developed
a catalytic C—H alkylation of arenes through the intermediacy
of carbon-centered radicals (Scheme 1b).” Inspired by the
elegant study, we herein disclose the first example of a
palladium-catalyzed arylperfluoroalkylation reaction of unac-
tivated olefins. The strategy provides an efficient and general
access to a wide range of heterocycles, such as indoline and
tetrahydroquinoline, which are also important structural motifs
found in numerous pharmaceuticals, agrochemicals, and
biologically relevant compounds. This approach utilizes readily
available fluoroalkylated sources and features synthetic
simplicity, broad substrate scope, and good functional-group
compatibility.

We envisioned that, under the right set of conditions, a
perfluoroalkyl radical A could be induced by a palladium
complex® and is then trapped by an unactivated alkene 2, with a
subsequent intramolecular cyclization leading to the simulta-
neous formation of carbon—carbon and carbon—fluorocarbon
bonds bearing a new quaternary stereocenter (Scheme 1c).
However, besides the issue of regioselectivity, a number of
potential side reactions’ "' could complicate the hypothetical
reaction. As a result, it is still challenging to realize such a
strategy. In contrast, the Pd-catalyzed perfluoroalkylation of
unactivated alkenes has been mostly restricted to the formation
of iodine atom-transfer compounds.”*™ To the best of our
knowledge, such a Pd-catalyzed cascade perfluoroalkylation/
cyclization reaction of unactivated alkenes has not been
reported thus far.
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B RESULTS AND DISCUSSION

Initially, the arylperfluoalkylation of 2a was carried out by
employing the low-cost and widely available reagent perfluor-
obutyl iodide 1a (2.0 equiv) as fluoroalkyl source. Inspired by
Zhang’s recent report on the palladium-catalyzed difluoroalky-
lation of organoborons, in which large bite angle bidentate
phosphine was used,” the reaction was performed with
Xantphos'” as a ligand in the presence of Pd(OAc), (10 mol
%) and Cs,COj, in dioxane at 100 °C under N, atmosphere. To
our delight, the expected product 3aa was isolated in 36% yield
after 12 h, and no side products were observed in the process
(Table 1, entry 1). After a survey of the prepalladium catalyst,

c

Table 1. Survey of Reaction Conditions™

Ms  CH3 catalyst (10 mol %)
s+ (' B,
1a 2a solvent, 100 °C, 12 h CFe{CFeleCFs
entry catalyst ligand base solvent  yield (%)"

1 Pd(OAc), Xantphos Cs,CO;4 dioxane 36

2 Pd(PPhy),ClL, Xantphos ~ Cs,CO;  dioxane S1

3 Pd(dppf)Cl, Xantphos Cs,CO;4 dioxane 76
4 Pd(MeCN),Cl,  Xantphos  Cs,CO;  dioxane 78
S Pd(dba), Xantphos ~ Cs,CO; dioxane 75
6  Pd(PPhy), Xantphos ~ Cs,CO;  dioxane 88
7  Pd(PPhy), DPEPhos  Cs,CO;  dioxane 43

8  Pd(PPhy), Dppf Cs,CO4 dioxane 29
9  Pd(PPh;), Dppe Cs,CO;  dioxane <5
10 Pd(PPhy), Binap Cs,CO;  dioxane <5
11 Pd(PPhy), Xantphos ~ Na,CO;  dioxane 29
12 Pd(PPh,), Xantphos  K,CO; dioxane 33
13 Pd(PPhy), Xantphos Cs;PO, dioxane 24
14 Pd(PPhy), Xantphos  tBuOLi dioxane <5
1S Pd(PPhy), Xantphos ~ Cs,CO;  toluene 39
16  Pd(PPhy), Xantphos ~ Cs,CO;  THF 78
17 Pd(PPhy), Xantphos ~ Cs,CO;  DCE 43
18  Pd(PPh,), Xantphos ~ Cs,CO;  DME 37
19°  Pd(PPhy), Xantphos ~ Cs,CO;  dioxane 67

“Reaction conditions: perfluorobutyl iodide 1a (2.0 equiv), 2a (0.1
mmol), catalyst (10 mol %), ligand (20 mol %), base (2.0 equlv) and
solvent (1.0 mL) under N, atmosphere at 100 °C for 12 h. YIsolated
yields. “The reaction was stirred at 80 °C for 12 h.

Pd(PPh;), was found to dramatically improve the reaction yield
to 88% (Table 1, entries 1—6). In contrast to Xantphos, other
bidentate ligands including DPEPhos, Dppe, and BINAP failed
to show more catalytic reactivity (Table 1, entries 7—10). A
subsequent survey on other reaction parameters indicated that
Cs,CO; and dioxane were the most suitable base and solvent
(Table 1, entries 11—18). Additionally, the yield decreased to
67% when the reaction temperature dropped to 80 °C (Table
1, entry 19). Finally, the use of 1a (2.0 equiv), 2a (1.0 equiv),
Pd(PPh;), (10 mol %), Xantphos (20 mol %), and Cs,CO,
(2.0 equiv) in dioxane at 100 °C for 12 h was the optimal
reaction condition.

Having established optimal reaction conditions (Table I,
entry 6), the substrate scope of the alkenes was evaluated. As
depicted in Scheme 2, alkenes with varied electronic properties
of the phenyl ring were well tolerated in this protocol,
providing high yields of the corresponding perfluoroalkylated
indolines in all cases (3ab—3af). The halogen-substituted
substrates (R = Cl or Br) were then tested under the standard
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conditions, which gave the desired arylperfluoalkylation
product (3ag or 3ah) and dehalogenation compound 3aa as
unseparated mixtures. In contrast, iodine-substituted substrate
(R =1) showed no desired reaction, and the starting materials
were consumed completely. The reaction occurred smoothly
when the phenyl group was replaced with a 1-naphthal group
(3ai). In addition to the mesyl group, substrates bearing other
N-protecting groups, regardless of electronic and steric
difference, proceeded cleanly to furnish the corresponding
products in high yield (3aj—3am). It is noteworthy that alkene
with a sterically encumbered tetrahydroquinoline ring was
arylperfluoroalkylated with good yields, thus providing 3an in
high regioselectivity without observation of other side products.

Cursory investigation of diverse perfluoroalkyl iodide with
alkenes demonstrated the generality of this catalytic system
(Scheme 3). For example, with perfluorooctyl iodide as
substrate, alkenes that contain a range of functional groups
on the aromatic ring, such as MeO— and CN—, underwent the
intended transformation cleanly to give the corresponding
products in high yields (3ba—3bd). In particular, the bulky
heptafluoroisopropyl and trifluoromethyl iodide did not
interfere with the reaction efficiency, providing 3cl and 3dd
in good yield. The structure of 3cl was unamblguously
confirmed by an X-ray single-crystal study."> Except for
perfluoroalkyl iodide, perfluoroalkyl bromide was also tolerated
in this transformation (3ed). Furthermore, functionalized
difluoromethyl iodide/bromide also proved to be a suitable
substrate for the present difunctionalization reaction (3fd).
Gratifyingly, when the methyl group was replaced by H or
other alkyl groups (R* = H, Bn, PhCH,CH,), the indoline
derivatives (3ao—3aq) could also be obtained efficiently.
Attempts to expand the reaction scope to the substrate
containing a phenyl group (R* = Ph) or replacing NR' to
C(CO,Et), failed, as the starting material disappeared and the
corresponding transformation did not take place. Finally, it was
found that the construction of six-membered rings was also
applicable for the reaction, which provided an easy access to the
preparation of the polysubstituted tetrahydroquinolines (3ar).

To further demonstrate the practicability of the method-
ology, a larger-scale reaction of perfluorobutyl iodide 1a and
alkene 2l was carried out under the optimal conditions. This
gave the desired product without any loss of efficiency, as
shown by the gram-scale preparation of 3al (eq 1).

Ac  CH, Ac

N
©/N\/§ standard conditions

2|
(4.0 mmol)

™
CFp(CF,),CF3

CF3(CF3),CFal +

1a

(2.0 equiv.) HsC

3al, 1.27g, 78% yield

(2

H
N
standard conditions
CF( CFZ ,CFol +
CF,(CF;),CF3

(2.0 equw ) H;C
(0.1 mmol) 3as, 63% yield
l\llls Br Ms
N\/K N
standard conditions 3)
CF3(CF;),CFyl + _— //
1a
(2.0 equiv.) (0.1 mmol) CF2(CF2):CF3

3at, 59% yield

Unexpectedly, we found that the deprotected product 3as
was obtained efficiently in a one-pot procedure, providing a
feasible approach for the construction of potentially more
bioactive N—H perfluoroalkylated tetrahydroquinoline deriva-
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Scheme 2. Pd-Catalyzed Arylperfluoroalkylation of Alkenes with 1a“
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?(a) Reaction conditions: perfluorobutyl iodide 1a (2.0 equiv), 2 (0.1 mmol), Pd(PPh,), (10 mol %), Xantphos (20 mol %), and Cs,CO; (2.0
equiv) in anhydrous dioxane (1.0 mL) under N, atmosphere at 100 °C for 12 h. (b) Isolated yields.

Scheme 3. Pd-Catalyzed Arylperfluoroalkylation Reaction of Alkenes®
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3 CFa(CF2):CFs CFa(CF2),CFs
Ph CHs,
3aq, X = |, 78% yield 3ar, X = 1, 61% yield

“(a) Reaction conditions: perfluoroalkyl iodide 1 (2.0 equiv), 2 (0.1 mmol), Pd(PPh;), (10 mol %), Xantphos (20 mol %), and Cs,CO; (2.0 equiv)
in anhydrous dioxane (1.0 mL) under N, atmosphere at 100 °C for 12 h. (b) Isolated yields. (c) About 4.0 equiv of CF;I was used and the reaction
was stirred at 100 °C for 24 h. (d) The purity was measured by '’F NMR with PhCF; as an internal standard.

tive (eq 2). When the bromide-substituted substrate 2t was To shed some light into the mechanism, a series of
utilized, only indole derivative 3at was obtained as the product mechanistic studies were designed (Scheme 4). 3.0 equiv of
of the reaction. This result suggested that 3at may be formed TEMPO (2,2,6,6-tetramethylpiperidinyloxy, radical scav-
through an arylperfluoroalkylation reaction followed by a base- enger)'* included with the standard conditions substantially
mediated elimination process (eq 3). suppressed the product formation. Meanwhile, 35% of the
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Scheme 4. Mechanistic Studies
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TEMPO-C,F, adduct § was formed as estimated by ’F NMR
spectroscopy (Scheme 4a). Moreover, when the reaction was
conducted in the presence of 1,4-benzoquinone (BQ, 2.0
equiv) or air, the substrate 2a was consumed completely and no
product was afforded, implying that a radical intermediate is
involved in the catalytic cycle (Scheme 4b and c). We
additionally performed one competition reaction between
substrate with an electron-donating group 2c¢ and electron-
withdrawing group 2d (Scheme 4d). In line with a carbon-
centered radical species rather than a carbon-cation inter-
mediate, the corresponding product with an electron-with-
drawing group 3ad was furnished as the major product.”
Finally, the reaction was conducted in the absence of ligand
under otherwise identical conditions, and the substrate
disappeared without observation of the desired product
(Scheme 4e). Instead, 35% yield of iodine atom-transfer
product 4aa was afforded.

On the basis of these results and previous reports,”>”* a
plausible reaction mechanism was proposed (Scheme $). The
reaction is initiated by a [Pd’L,]-promoted SET pathway to
generate the perfluoroalkyl radical A and Pd'L,X. The strong
electrophilic perfluoroalkyl radicals' A could attack the
electron-rich C—C double bond of 2 to create the carbon-
centered radical intermediate B. The subsequent addition to
the aryl ring would generate the cyclohexadienyl radical C,
which probably undergoes base-promoted homolytic aromatic
substitution (BHAS) mechanism'’ to deliver product 3 and
regenerate Pd°Ln (path I).'® Alternatively, another pathway can
be proposed involving the formation of the corresponding
perfluoalkyl iodide 4 as potential reaction intermediates in
these transformations (path II)."” However, we cannot exclude
another scenario where Pd'Lnl recombines with C to generate
palladium complex F, which then undergoes pf-hydride
elimination to deliver the final product (path IIT).*’
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Scheme S. Proposed Reaction Mechanism
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B CONCLUSION

We have developed a palladium-catalyzed arylperfluoroalkyla-
tion of unactivated olefins with low-cost and readily available
perfluoroalkyl iodides. The approach allowed facile access to a
diverse range of valuable perfluoroalkylated heterocyclic
products. Varied electronic properties of the aromatic
substrates were well tolerated, making this methodology a
complementary tool for the existing polar or radical-mediated
aromatic ring-forming difunctionalization of olefins. Further
investigations to uncover the detailed mechanism and
enantioselective modulation are currently underway.
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B EXPERIMENTAL SECTION

General Methods and Materials. Commercially available
materials purchased from Alfa Aesar or Aldrich were used as received.
Proton nuclear magnetic resonance (*H NMR) spectra were recorded
on a Bruker AV400 (400 MHz) spectrometer. Chemical shifts were
recorded in parts per million (ppm, §) relative to tetramethylsilane (&
0.00). "H NMR splitting patterns are designated as singlet (s), doublet
(d), triplet (t), quartet (q), dd (doublet of doublets), m (multiplets),
etc. All first-order splitting patterns were assigned on the basis of the
appearance of the multiplet. Splitting patterns that could not be easily
interpreted are designated as multiplet (m) or broad (br). Carbon
nuclear magnetic resonance (*C NMR) spectra were recorded on a
Bruker AV400 (100 MHz) spectrometer. High-resolution mass
spectral analysis (HRMS) was performed on a Waters Q-TOF
Premier mass spectrometer. Analytical thin-layer chromatography
(TLC) was carried out on Merck 60 F254 precoated silica gel plate
(0.2 mm thickness). Visualization was performed using a UV lamp.

Typical Experimental Procedure for the Synthesis of
Products 3. To a dry Schlenk tube equipped with a magnetic stir
bar were added alkene 2a (0.1 mmol), Pd(PPh;), (10 mol %),
Xantphos (20 mol %), and Cs,CO5 (0.2 mmol). The tube was closed
with a septum, evacuated, and refilled with nitrogen. Perfluoroalkyl
iodide 1a (0.2 mmol) and freshly distilled dioxane (1 mL) were added,
and the reaction mixture was then stirred at 100 °C until 2a was
completely consumed (monitored by TLC). The mixture was
concentrated under reduced pressure. The resulting crude residue
was purified via column chromatography on silica gel (5:1 hexanes/
EtOAc) to afford the desired product 3aa.

3-Methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline (3aa). Pale yellow liquid, yield: 39.0 mg
(88%); 'H NMR (400 MHz, CDCL;) § 7.42 (d, ] = 8.0 Hz, 1H), 7.26
(t, J = 7.8 Hz, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.09 (t, ] = 7.5 Hz, 1H),
3.98 (d, J = 10.5 Hz, 1H), 3.84 (d, ] = 11.9 Hz, 1H), 2.92 (s, 3H),
2.65—2.36 (m, 2H), 1.53 (d, J = 1.8 Hz, 3H); 3C NMR (100 MHz,
CDCl,) 6 140.3, 137.5, 129.0, 123.8, 123.0, 113.3, 62.1 (d, ] = 5.8 Hz),
41.5, 38.6 (t, ] = 20.5 Hz), 34.6, 26.05 (d, ] = 3.1 Hz); ’F NMR (376
MHz, CDCL,) § —81.30 (t, ] = 9.7 Hz, 3F), —108.13 to —113.87 (m,
2F), —124.57 to —124.60 (m, 2F), —125.79 to —125.97 (m, 2F);
HRMS (ESI) caled for C;sH;,F,NNaO,S (M + Na'), 466.0494;
found, 466.0473.

3,5-Dimethyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline (3ab). Pale yellow liquid, yield: 29.1 mg
(64%); "H NMR (400 MHz, CDCl;) § 7.31 (d, ] = 8.2 Hz, 1H), 7.07
(d, ] = 8.2 Hz, 1H), 6.99 (s, 1H), 3.95 (d, ] = 10.5 Hz, 1H), 3.82 (dd, J
=10.6, 1.5 Hz, 1H), 2.90 (s, 3H), 2.62—2.40 (m, 2H), 2.34 (s, 3H),
1.52 (d, ] = 2.0 Hz, 3H); *C NMR (100 MHz, CDCl;) § 137.9, 137.7,
133.7, 129.6, 123.5, 113.3, 62.3 (d, J = 6.1 Hz), 41.5, 38.6 (t, ] = 20.5
Hz), 34.3, 26.0 (d, ] = 3.4 Hz), 20.8; '’F NMR (376 MHz, CDCL;) §
—81.20 (t, J = 9.7 Hz, 3F), —108.10 to —113.96 (m, 2F), —124.53 to
—124.56 (m, 2F), —125.72 to —125.90 (m, 2F); HRMS (ESI) caled
for C,4H,(FsNNaO,S (M + Na*), 480.0650; found, 480.0637.

5-Methoxy-3-methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline (3ac). Pale yellow liquid, yield: 26.1 mg
(55%); "H NMR (400 MHz, CDCL,) & 7.34 (d, ] = 8.8 Hz, 1H), 6.79
(dd, J = 8.8, 2.5 Hz, 1H), 6.74 (d, ] = 2.4 Hz, 1H), 3.96 (d, ] = 10.6
Hz, 1H), 3.83—3.80 (m, 4H), 2.89 (s, 3H), 2.55—2.42 (m, 2H), 1.53
(d, J = 1.6 Hz, 3H); 3C NMR (100 MHz, CDCl;) § 156.8, 139.2,
133.7, 114.4, 113.6, 109.5, 62.4 (d, ] = 5.9 Hz), 55.7, 41.7, 384 (, ] =
20.6 Hz), 34.1, 26.0 (d, ] = 3.2 Hz); YF NMR (376 MHz, CDCl;) §
—81.18 (t, ] = 9.6 Hz, 3F), —108.75 to —113.14 (m, 2F), —113.52 to
—124.49 (m, 2F), —125.71 to —125.88 (m, 2F); HRMS (ESI) calcd
for C,¢H;sFoNNaO;S (M + Na*), 496.0599; found, 496.0584.

3-Methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline-5-carbonitrile (3ad). Pale yellow liquid,
yield: 43.9 mg (94%); 'H NMR (400 MHz, CDCl;) 6 7.59 (dd, J =
8.5, 1.4 Hz, 1H), 7.54—7.46 (m, 2H), 4.09 (d, ] = 10.7 Hz, 1H), 3.94
(d, ] = 10.5 Hz, 1H), 3.02 (s, 3H), 2.67—2.41 (m, 2H), 1.57 (s, 3H);
13C NMR (100 MHz, CDCl,) § 144.2, 1384, 133.8, 127.1, 118.5,
113.4, 106.7, 61.94 (d, ] = 5.2 Hz), 41.33, 38.4 (t, ] = 20.4 Hz), 36.1,
26.5 (d, ] = 2.6 Hz); ’F NMR (376 MHz, CDCl;) § —81.21 (t, ] = 9.7
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Hz, 3F), —109.16 to —113.26 (m, 2F), —124.48 to —124.51 (m, 2F),
—125.76 to —125.91 (m, 2F); HRMS (ESI) calcd for
C16H3EoN,NaO,S (M + Na*), 491.0446; found, 491.0436.

1-(3-Methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indolin-5-yl)ethan-1-one (3ae). Pale yellow liquid,
yield: 42.2 mg (87%); 'H NMR (400 MHz, CDCl;) & 8.00—7.75 (m,
2H), 7.47 (d, ] = 8.4 Hz, 1H), 4.09 (d, J = 10.6 Hz, 1H), 3.95 (d,] =
10.6 Hz, 1H), 3.02 (s, 3H), 2.79—2.45 (m, 5H), 1.58 (s, 3H); °C
NMR (100 MHz, CDCL,) § 196.2, 144.3, 138.1, 133.0, 130.7, 123.0,
112.3,62.2, 41.2, 38.5 (t, J = 20.5 Hz), 35.6, 26.4 (d, ] = 2.0 Hz), 26.2;
F NMR (376 MHz, CDCl;) § —81.28 (t, ] = 9.6 Hz, 3F), —108.22 to
—113.65 (m, 2F), —124.44 to —124.59 (m, 2F), —125.72 to —126.06
(m, 2F); HRMS (ESI) calcd for C,,H;,F,NO;S (M + H*), 486.0780;
found, 486.0782.

Methyl 3-Methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline-5-carboxylate (3af). Pale yellow liquid,
yield: 42.9 mg (85%); "H NMR (400 MHz, CDCL;) § 7.99 (d, J = 8.5
Hz, 1H), 7.88 (s, 1H), 7.45 (d, J = 8.5 Hz, 1H), 4.06 (d, J = 10.6 Hz,
1H), 3.96—3.85 (m, 4H), 3.00 (s, 3H), 2.64—2.47 (m, 2H), 1.57 (s,
3H); C NMR (100 MHz, CDCl;) § 166.1, 1442, 137.7, 131.4,
125.7, 124.6, 112.6, 62.2 (d, J = 6.0 Hz), 52.0, 41.2, 38.7 (t, ] = 19.6
Hz), 35.6, 26.4; "’F NMR (376 MHz, CDCl,) § —81.20 (t, ] = 9.6 Hz,
3F), —10829 to —113.85 (m, 2F), —124.33 to —124.53 (m, 2F),
—125.68 to —126.00 (m, 2F); HRMS (ESI) calcd for C,,H;,F,NO,S
(M + H'), 502.0729; found, 502.0748.

5-Chloro-3-methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline (3ag). 3ag and dehalogenation compound
3aa were obtained as unseparated mixtures (36.3 mg, pale yellow
liquid, 67% yield of 3ag, 3ag:3aa = 6.7:1). 3ag: 'H NMR (400 MHz,
CDCl,) 6 7.36 (d, ] = 8.6 Hz, 1H), 7.23 (dd, ] = 8.6, 2.0 Hz, 1H), 7.16
(d, J = 1.9 Hz, 1H), 4.00 (d, ] = 10.6 Hz, 1H), 3.86 (d, ] = 10.4 Hz,
1H), 2.93 (s, 3H), 2.61-2.41 (m, 2H), 1.54 (d, ] = 1.2 Hz, 3H); *C
NMR (100 MHz, CDCl,) 6 139.3, 139.0, 129.1, 123.5, 114.5, 62.2 (d,
J = 5.8 Hz), 41.6, 38.5 (t, ] = 20.5 Hz), 34.9, 26.2 (d, ] = 3.0 Hz); °F
NMR (376 MHz, CDCl;) § —81.19 (t, ] = 9.6 Hz, 3F), —107.81 to
—113.98 (m, 2F), —124.22 to —124.74 (m, 2F), —125.65 to —126.22
(m, 2F); HRMS (ESI) caled for C;sH,CIFeNO,S (M + HY),
478.0285; found, 478.0282.

5-Bromo-3-methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline (3ah). 3ah and dehalogenation compound
3aa were obtained as unseparated mixtures (36.1 mg, pale yellow
liquid, 61% yield of 3ah, 3ah:3aa = 6.3:1). 3ah: '"H NMR (400 MHz,
CDCl;) § 7.38 (dd, ] = 8.6, 1.8 Hz, 1H), 7.31 (d, ] = 8.6 Hz, 1H), 7.28
(d, J = 1.5 Hz, 1H), 3.98 (d, ] = 8.0 Hz, 1H), 3.84 (d, ] = 10.7 Hz,
1H), 2.93 (s, 3H), 2.70—2.30 (m, 2H), 1.53 (s, 3H); *C NMR (100
MHz, CDCl,) § 139.7, 139.5, 132.1, 126.3, 116.4, 115.0, 62.2 (d, ] =
6.0 Hz), 41.6, 38.6 (t, ] = 20.4 Hz), 35.1, 26.3; ’F NMR (376 MHz,
CDCl;) 6 —81.01 (t, J = 9.6 Hz, 3F), —107.94 to —113.68 (m, 2F),
—124.34 to —124.64 (m, 2F), —125.54 to —125.76 (m, 2F); HRMS
(ESD) caled for C;sH,BrENO,S (M + HY), 521.9779; found,
521.9773.

3-Methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-nonafluoropen-
tyl)-2,3-dihydro-1H-benzo[gjindole (3ai). Pale yellow liquid, yield:
32.5 mg (66%); '"H NMR (400 MHz, CDCL;) & 7.84—7.70 (m, 2H),
7.63 (d, ] = 8.2 Hz, 1H), 7.57—7.39 (m, 3H), 4.28 (d, ] = 12.3 Hz,
1H), 3.61 (d, ] = 12.3 Hz, 1H), 3.21 (s, 3H), 2.73—2.34 (m, 2H), 1.69
(s, 3H); ®C NMR (100 MHz, CDCl,) § 137.9, 134.5, 134.3, 127.6,
126.1, 125.7, 123.8, 121.9, 121.6, 113.3, 54.5, 38.5, 37.3 (t, J = 17.3
Hz), 30.9, 24.4; ’F NMR (376 MHz, CDCl;) 6 —81.04 (t, ] = 9.6 Hz,
3F), —108.75 to —113.04 (m, 2F), —124.23 to —124.26 (m, 2F),
—125.66 to —125.79 (m, 2F); HRMS (ESI) calcd for
C1oH FeNNaO,S (M + Na*), 516.0650; found, 516.0646.

3-Methyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)- 1-tosylindoline
(3aj). Pale yellow liquid, yield: 35.2 mg (68%); '"H NMR (400 MHz,
CDClLy) 6 7.75=7.65 (m, 3H), 7.31-7.23 (m, 3H), 7.10-6.98 (m,
2H), 3.92 (d, ] = 11.0 Hz, 1H), 3.78 (dd, ] = 11.1, 1.2 Hz, 1H), 2.45—
2.08 (m, SH), 1.29 (d, J = 2.2 Hz, 3H); *C NMR (100 MHz, CDCl,)
5 144.4, 140.3, 138.0, 133.9, 129.7, 128.9, 127.2, 124.0, 122.8, 114.9,
61.7 (d, ] = 6.1 Hz), 41.6, 38.9 (t, ] = 20.4 Hz), 26.0 (d, ] = 4.6 Hz),
21.4; F NMR (376 MHz, CDCly) § —81.04 (t, ] = 9.7 Hz, 3F),
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—108.51 to —114.19 (m, 2F), —124.50 to —124.53 (m, 2F), —125.28
to —126.44 (m, 2F); HRMS (ESI) calcd for C,;H;gFeNNaO,S (M +
Na*), 542.0807; found, 542.0796.
(3-Methyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)indolin-1-yl)
(Phenyl)methanone (3ak). Pale yellow liquid, yield: 36.6 mg (78%);
'"H NMR (400 MHz, CDCL;) § 821 (dd, ] = 7.7, 1.2 Hz, 1H), 7.56
(td, J = 7.6, 1.4 Hz, 1H), 7.46—7.38 (m, 4H), 7.37—7.32 (m, 2H),
7.31=7.24 (m, 1H), 4.00 (d, J = 12.8 Hz, 1H), 3.87 (d, ] = 12.8 Hz,
1H), 2.82—2.31 (m, 2H), 1.66 (d, ] = 1.7 Hz, 3H); '*C NMR (100
MHz, CDCl,) & 163.8, 144.4, 142.4, 132.8, 129.4, 129.1, 128.2, 127.9,
126.7, 125.3, 124.0, 58.9 (d, J = 3.8 Hz), 36.7 (t, ] = 19.7 Hz), 36.5,
22.7; F NMR (376 MHz, CDCl;) § —81.11 (t, J = 9.7 Hz, 3F),
—110.14 to —113.54 (m, 2F), —124.41 to —124.43 (m, 2F), —125.66
to —125.87 (m, 3F); HRMS (ESI) calcd for C,;H,,FoNO [M + H'],
470.1161; found, 470.1147; caled for C,H;;FoNNaO (M + Na*),
492.0980; found, 492.0962.
1-(3-Methyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)indolin-1-yl)-
ethan-1-one (3al). Pale yellow liquid, yield: 34.0 mg (83%); '"H NMR
(400 MHz, CDCl;) 6 8.22 (d, J = 8.1 Hz, 1H), 7.30—7.24 (m, 1H),
7.14 (d, ] = 7.1 Hz, 1H), 7.09 (t, ] = 7.4 Hz, 1H), 4.10 (d, ] = 10.8 Hz,
1H), 3.89 (d, ] = 10.8 Hz, 1H), 2.58—2.38 (m, 2H), 2.25 (s, 3H), 1.53
(d, J = 1.6 Hz, 3H); C NMR (100 MHz, CDCl;) § 168.5, 141.1,
137.8, 128.7, 124.0, 121.9, 117.2, 61.24 (d, ] = 6.1 Hz), 41.6, 39.2 (t, ]
=20.5 Hz), 26.5, 24.0; ’F NMR (376 MHz, CDCl,) § —81.02 (t, ] =
9.6 Hz, 3F), —108.62 to —114.17 (m, 2F), —124.48 to —124.50 (m,
2F), —125.58 to —125.78 (m, 3F); HRMS (ESI) caled for
C¢HisFoNO [M + HY], 408.1004; found, 408.0995; calcd for
C;6H,FoNNaO (M + Na*), 430.0824; found, 430.0813.
1,3-Dimethyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)indoline
(3am). Pale yellow liquid, yield: 30.0 mg (79%); '"H NMR (400 MHz,
CDCly) 6 7.13 (t,J = 7.7 Hz, 1H), 7.01 (d, ] = 7.3 Hz, 1H), 6.72 (t, ] =
7.3 Hz, 1H), 6.52 (d, ] = 7.8 Hz, 1H), 3.32 (d, ] = 9.2 Hz, 1H), 3.18
(dd, J =9.2,2.0 Hz, 1H), 2.75 (s, 3H), 2.53—2.33 (m, 2H), 1.48 (d, ] =
2.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 1514, 136.9, 128.4,
121.9, 118.2, 107.8, 68.3 (d, J = 5.6 Hz), 41.8, 38.3 (t, J = 20.1 Hz),
35.6,24.6 (d, ] = 3.1 Hz); ’F NMR (376 MHz, CDCl;) 6 —81.18 (t, ]
= 9.7 Hz, 3F), —108.83 to —113.76 (m, 2F), —124.60 to —124.62 (m,
2F), —125.71 to —125.88 (m, 2F); HRMS (ESI) calcd for C;H;FoN
(M + H'), 380.1055; found, 380.104S.
1-Methyl-1-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-1,2,5,6-tetrahy-
dro-4H-pyrrolo[3,2, 1-ijlquinoline (3an). Pale yellow liquid, yield: 29.3
mg (72%); '"H NMR (400 MHz, CDCL;) § 6.90—6.82 (m, 2H), 6.66
(t, J= 7.4 Hz, 1H), 3.28 (d, J = 8.8 Hz, 1H), 3.15 (dd, ] = 8.9, 2.1 Hz,
1H), 3.04—2.90 (m, 2H), 2.69 (t, ] = 6.6 Hz, 2H), 2.55—2.27 (m, 2H),
2.13—2.06 (m, 2H), 1.49 (d, ] = 2.3 Hz, 3H); *C NMR (100 MHz,
CDCl,) 6 1482, 135.2, 127.2, 120.1, 119.5, 118.7, 67.5 (d, ] = 5.4 Hz),
46.8,42.4,37.9 (t, ] = 20.5 Hz), 24.2 (dd, ] = 3.7, 1.3 Hz), 23.8, 22.8;
F NMR (376 MHz, CDCl,) § —81.10 (t, ] = 9.7 Hz, 3F), —109.02 to
—113.61 (m, 2F), —124.52 to —124.54 (m, 2F), —125.66 to —125.82
(m, 2F); HRMS (ESI) calcd for C,;H;sFoNNa (M + Na*), 428.1031;
found, 428.1019.
3-(2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Heptadecafluorononyl)-3-
methyl-1-(methylsulfonyl)indoline (3ba). White solid, mp 93.8—95.2
°C, yield: 44.5 mg (69%); "H NMR (400 MHz, CDCL;) 6 7.43 (d, ] =
8.1 Hz, 1H), 7.27 (t, ] = 7.7 Hz, 1H), 7.19 (d, ] = 7.3 Hz, 1H), 7.09 (t,
J=7.5Hz, 1H), 3.98 (d, ] = 10.5 Hz, 1H), 3.85 (d, ] = 10.3 Hz, 1H),
2.92 (s, 3H), 2.66—2.41 (m, 2H), 1.54 (s, 3H); '*C NMR (100 MHz,
CDCl,) 6 140.3, 137.6, 129.1, 123.9, 123.0, 113.4, 62.1 (d, ] = 5.7 Hz),
41.6, 38.7 (t, ] = 22.3 Hz), 34.6, 26.1 (d, ] = 3.6 Hz); ’F NMR (376
MHz, CDCl,) § —81.26 (t, ] = 9.9 Hz, 3F), —107.98 to —113.65 (m,
2F), —121.41 to —121.81 (m, 2F), —121.90 to —122.42 (m, 4F),
—122.81 to —123.32 (m, 2F), —123.46 to —123.89 (m, 2F), —126.28
to —126.68 (m, 2F); HRMS (ESI) calcd for C;oH,;,F;;NNaO,S (M +
Na*), 666.0366; found, 666.0354.
3-(2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Heptadecafluorononyl)-5-me-
thoxy-3-methyl-1-(methylsulfonyl)indoline (3bc). White solid, mp
96.5—97.8 ° C, yield: 41.2 mg (61%); 'H NMR (400 MHz, CDCL;) 5
7.35 (d, ] = 8.7 Hz, 1H), 6.80 (dd, ] = 8.8, 2.5 Hz, 1H), 6.76 (d, ] = 2.5
Hz, 1H), 3.97 (d, ] = 10.4 Hz, 1H), 3.89—3.73 (m, 4H), 2.89 (s, 3H),
2.56—2.54 (m, 2H), 1.53 (s, 3H); *C NMR (100 MHz, CDCl,) §
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156.9, 139.2, 133.7, 114.4, 113.5, 109.5, 62.4, 55.6, 41.8, 38.6 (t, ] =
15.1 Hz), 34.0, 25.9; 'F NMR (376 MHz, CDCl;) § —81.28 (t, ] =
10.0 Hz, 3F), —107.90 to —113.65 (m, 2F), —121.40 to —121.91 (m,
2F), —122.19 to —122.59 (m, 4F), —122.78 to —123.31 (m, 2F),
—123.51 to —124.11 (m, 2F), —126.35 to —126.73 (m, 2F); HRMS
(ESD) caled for CyH;¢F;NNaO,S (M + Na*), 696.0472; found,
696.0462.
3-(2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Heptadecafluorononyl)-3-
methyl-1-(methylsulfonyl)indoline-5-carbonitrile (3bd). White solid,
mp 101.5-102.8 °C, yield: 55.3 mg (83%); 'H NMR (400 MHz,
CDClL,) 6 7.59 (d, J = 8.5 Hz, 1H), 7.56—7.48 (m, 2H), 4.10 (d, ] =
10.6 Hz, 1H), 3.96 (d, ] = 10.6 Hz, 1H), 3.03 (s, 3H), 2.72—2.44 (m,
2H), 1.58 (s, 3H); *C NMR (100 MHz, CDCl;) § 144.2, 138.5,
133.8, 127.1, 118.5, 113.5, 106.7, 62.0 (d, J = 5.4 Hz), 41.4,38.5 (t, ] =
19.6 Hz), 36.1, 26.4; '’F NMR (376 MHz, CDCL,) 6 —81.37 (t, ] = 8.5
Hz, 3F), —108.37 to —113.13 (m, 2F), —121.45 to —121.91 (m, 2F),
—121.98 to —122.48 (m, 4F), —122.92 to 123.32 (m, 2F), —123.56 to
—123.92 (m, 2F), —126.38 to —121.72 (m, 2F); HRMS (ESI) calcd
for C,oH,3F;,N,Na0,S (M + Na*), 691.0318; found, 691.0315.
1-(3-Methyl-3-(2,3,3,3-tetrafluoro-2-(trifluoromethyl)propyl)-
indolin-1-yl)ethan-1-one (3cl). White solid, mp 121.3—122.5 °C,
yield: 24.2 mg (68%); "H NMR (400 MHz, CDCl;) 6 8.22 (d, ] = 8.1
Hz, 1H), 7.33—7.24 (m, 1H), 7.15 (d, ] = 7.6 Hz, 1H), 7.08 (td, ] =
7.5, 0.9 Hz, 1H), 4.09 (d, ] = 11.0 Hz, 1H), 3.82 (d, J = 10.0 Hz, 1H),
2.51-2.34 (m, 2H), 2.23 (s, 3H), 1.51 (s, 3H); *C NMR (100 MHz,
CDCl,) 6 168.6, 141.0, 138.2, 128.8, 124.1, 121.9, 117.3, 60.5, 42.8 (d,
J =29 Hz), 36.6 (d, ] = 19.7 Hz), 26.5, 24.1; ’F NMR (376 MHz,
CDCly) 6 —77.76 to —78.22 (m, 6F), —181.11 to —187.20 (m, 1F);
HRMS (ESI) calcd for C;H;,F,NNaO (M + Na*), 380.0856; found,
380.0842.
3-Methyl-1-(methylsulfonyl)-3-(2,2,2-trifluoroethyl)indoline-5-
carbonitrile (3dd). Pale yellow solid, mp 125.3—126.8 °C, yield: 27.1
mg (85%); "H NMR (400 MHz, CDCL,) 6 7.58 (d, ] = 8.4 Hz, 1H),
7.55—7.37 (m, 2H), 4.10 (d, J = 10.5 Hz, 1H), 3.86 (d, J = 10.6 Hz,
1H), 3.01 (s, 3H), 2.71-2.46 (m, 2H), 1.52 (s, 3H); *C NMR (100
MHz, CDCl;) § 144.3, 137.9, 133.8, 127.1, 125.6 (q, ] = 277.0 Hz),
118.5, 113.3, 106.6, 61.5 (d, ] = 1.9 Hz), 42.2 (q, ] = 27 Hz), 40.7 (d, ]
= 1.6 Hz), 36.1, 25.9; ’F NMR (376 MHz, CDCl;) § —60.17 (t, ] =
10.9 Hz); HRMS (ESI) caled for C,;H,F3N,0,8 (M + HY),
319.0723; found, 319.0720.
3-Methyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,6,6,7,7,7-
tridecafluoroheptyl)indoline-5-carbonitrile (3ed). Pale yellow liquid,
38.2 mg (67%); "H NMR (400 MHz, CDCl;) 6 7.59 (d, ] = 8.4 He,
1H), 7.55—7.37 (m, 2H), 407 (d, J = 10.6 Hz, 1H), 3.93 (d, ] = 10.6
Hz, 1H), 3.01 (s, 3H), 2.65—2.41 (m, 2H), 1.56 (s, 3H); 3C NMR
(100 MHz, CDCl,) § 144.2, 138.4, 134.0, 127.1, 118.5, 113.6, 107.0,
62.0, 41.5, 38.7 (t, ] = 23.0 Hz), 36.3, 26.8; ’F NMR (376 MHz,
CDCl;) 6 —81.04 (t, ] = 9.9 Hz, 3F), —108.49 to —113.21 (m, 2F),
—121.58 to —121.96 (m, 2F), —122.61 to —122.21 (m, 2F), —123.48
to —123.78 (m, 2F), —126.00 to —126.69 (m, 2F); HRMS (ESI) calcd
for C;gH4,F13N,0,S (M + H*), 569.0563; found, 569.0562.

Ethyl 3-(5-Cyano-3-methyl-1-(methylsulfonyl)indolin-3-yl)-2,2-di-
fluoropropanoate (3fd). Pale yellow liquid, yield: X = I, 27.4 mg
(74%); X = Br, 22.4 mg (60%); '"H NMR (400 MHz, CDCL,) § 7.56
(dd, J = 84, 1.3 Hz, 1H), 7.48 (d, ] = 8.4 Hz, 1H), 7.43 (s, 1H), 4.35—
4.06 (m, 3H), 3.87 (d, J = 10.6 Hz, 1H), 3.02 (s, 3H), 2.56 (dp, ] =
20.9, 15.4 Hz, 2H), 1.50 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H); 3C NMR
(100 MHz, CDCl;) 6 163.3 (t, ] = 32.0 Hz), 144.6, 138.1, 133.7, 127.2,
118.5, 115.3 (t, J = 252 Hz), 113.3, 1064, 63.4, 61.7 (d, J = 2.9 Hz),
42.6 (t, ] = 22.0 Hz), 41.2, 363, 27.3, 13.7; ’F NMR (376 MHz,
CDCl;) 6 —100.43 (d, J = 131.6 Hz, 1F), —103.09 (d, ] = 133.5 Hz,
1F); HRMS (ESI) calcd for C;¢H,sF,N,0,SNa (M + Na*), 395.0848;
found, 395.0843.

1-(Methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)indoline
(3a0). Pale yellow liquid, yield: 29.2 mg (68%) (86% purity measured
by using PhCF; as an internal standard); 'H NMR (400 MHz, CDCl,)
5742 (d, J = 8.1 Hz, 1H), 7.36—7.28 (m, 1H), 7.22 (d, ] = 7.5 Hz,
1H), 7.09 (t, ] = 7.5 Hz, 1H), 422 (t, ] = 9.4 Hz, 1H), 3.77-3.70 (m,
1H), 3.11-2.95 (m, 1H), 2.89 (s, 3H), 2.74—2.55 (m, 1H), 2.48—2.27
(m, 1H); *C NMR (100 MHz, CDCl,) § 141.6, 132.0, 129.3, 124.4,
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124.0, 113.7, 56.3, 39.1, 35.39 (t, ] = 19.6 Hz), 34.7; "’F NMR (376
MHz, CDCl;) § —81.01 (t, ] = 9.3 Hz), —111.92 to —114.31 (m, 2F),
—124.22 to —124.45 (m, 2F), —125.75 to —125.96 (m, 2F); HRMS
(ESI) calcd for C,,H;3;EGNO,S (M + H*), 430.0518; found, 430.0516.

Methyl 3-Benzyl-1-(methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-
nonafluoropentyl)indoline-5-carboxylate (3ap). Pale yellow liquid,
yield: 46.7 mg (81%); "H NMR (400 MHz, CDCL;) § 7.98 (d, ] = 8.5
Hz, 1H), 7.83 (s, 1H), 7.27 (d, ] = 8.5 Hz, 1H), 7.22—7.06 (m, 3H),
6.73 (d, ] = 6.6 Hz, 2H), 4.18 (d, ] = 11.1 Hz, 1H), 404 (d, ] = 11.1
Hz, 1H), 3.93 (s, 3H), 3.12 (s, 2H), 2.88—2.54 (m, 2H), 2.37 (s, 3H);
BC NMR (100 MHz, CDCLy) § 1662, 145.4, 135.1, 134.6, 131.8,
130.5,128.3,127.3, 125.9, 125.0, 112.0, 58.6 (d, ] = 5.8 Hz), 52.1, 45.4,
45.3, 384 (t, ] = 19.9 Hz), 35.7; YF NMR (376 MHz, CDCL,) §
—81.10 (t, J = 9.6 Hz, 3F), —105.78 to —112.33 (m, 2F), —124.10 to
—124.68 (m, 2F), —125.58 to —125.94 (m, 2F); HRMS (ESI) calcd
for C,3H,,FoNNaO,S (M + Na*), 600.0862; found, 600.0862.

1-(1-(Methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-3-
phenethylindolin-5-yl)ethan-1-one (3aq). Pale yellow liquid, yield:
44.9 mg (78%); '"H NMR (400 MHz, CDCL;) § 7.99—7.85 (m, 2H),
749 (d, ] = 8.4 Hz, 1H), 7.25-7.18(m, 2H), 7.18—7.11 (m, 1H), 7.05
(d, J = 7.3 Hz, 2H), 4.16 (d, ] = 10.8 Hz, 1H), 4.05 (d, ] = 10.9 Hz,
1H), 2.99 (s, 3H), 2.88—2.71 (m, 1H), 2.66—2.51 (m, SH), 2.45—2.32
(m, 1H), 2.26—2.11 (m, 2H); *C NMR (100 MHz, CDCl;) & 196.2,
1452, 140.3, 135.2, 132.7, 131.0, 128.4, 128.0, 126.1, 123.8, 112.2,
60.6, 44.7, 41.2, 37.5 (t, ] = 20.0 Hz), 35.7, 30.0, 26.3; '°’F NMR (376
MHz, CDCl,) § —81.10 (t, ] = 9.6 Hz, 3F), —107.68 to —112.61 (m,
2F), —124.20 to —124.43 (m, 2F), —125.55 to —125.80 (m, 2F);
HRMS (ESI) caled for C,,H,3FoNO;S (M + HY), 5§76.1249; found,
576.1248.

1-Methyl-1-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2,3,6,7-tetrahy-
dro-1H,5H-pyrido[3,2,1-ijlquinoline (3ar). Pale yellow liquid, yield:
25.5 mg (61%); "H NMR (400 MHz, CDCLy) § 6.97 (d, ] = 7.7 Hg,
1H), 6.83 (d, ] = 7.3 Hz, 1H), 6.55 (t, ] = 7.5 Hz, 1H), 3.30—3.00 (m,
4H), 2.76 (t, ] = 6.5 Hz, 2H), 2.57—2.11 (m, 3H), 2.11-1.86 (m, 3H),
1.53 (d, ] = 2.4 Hz, 3H); *C NMR (100 MHz, CDCl;) § 141.4, 128.6,
127.7, 123.9, 122.0, 115.7, 50.2, 46.1, 39.2 (t, ] = 19.7 Hz), 34.8, 33.8
(d, ] = 44 Hz), 28.4 (d, ] = 3.7 Hz), 27.9, 21.8; YF NMR (376 MHz,
CDCly) 6§ —81.1 (m, J = 9.4 Hz, 3F), —109.83 to —112.59 (m, 2F),
—124.11 to —12441 (m, 2F), —125.59 to —125.70 (m, 2F); HRMS
(ESI) caled for C,gH;sFgNNa (M + Na*), 442.1188; found, 442.1174.

4-Methyl-4-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-1,2,3,4-tetrahy-
droquinoline (3as). Pale yellow liquid, yield: 23.8 mg (63%); 'H
NMR (400 MHz, CDCl,) § 7.13 (d, J = 7.8 Hz, 1H), 7.07—6.94 (m,
1H), 6.65 (t, ] = 7.5 Hz, 1H), 6.48 (d, ] = 8.0 Hz, 1H), 4.25—3.80 (br,
1H), 3.45—3.22 (m, 2H), 2.63—2.09 (m, 3H), 1.97—1.81 (m, 1H),
1.54 (d, ] = 2.1 Hz, 3H); *C NMR (100 MHz, CDCl;) § 143.4, 128.1,
127.5,126.2, 117.2, 114.6, 39.3 (t, ] = 19.8 Hz), 38.0, 34.3,34.0 (d, ] =
3.8 Hz), 28.2 (d, ] = 3.8 Hz); '°F NMR (376 MHz, CDCl;) § —81.10
(t, J = 9.7 Hz, 3F), —110.38 to —112.55 (m, 2F), —124.45 to —124.48
(m, 2F), —125.64 to —125.74 (m, 2F); HRMS (ESI) calcd for
CisH,FoNNa (M + Na*), 402.0875; found, 402.0864.

1-(Methylsulfonyl)-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)- 1H-in-
dole (3at). White solid, mp 109.4—110.6 °C, yield: 25.3 mg (59%); 'H
NMR (400 MHz, CDCL) 6 7.92 (d, ] = 8.1 Hz, 1H), 7.59 (d, ] = 7.8
Hz, 1H), 7.47 (s, 1H), 7.44—7.32 (m, 2H), 3.52 (t, ] = 18.6 Hz, 2H),
3.11 (s, 3H); *C NMR (100 MHz, CDCl;) § 134.9, 130.5, 126.3,
125.4, 123.8, 119.7, 113.1, 109.9, 40.8, 27.2 (t, ] = 23.0 Hz); ’F NMR
(376 MHz, CDCl,) § —81.06 (t, ] = 9.6 Hz), —112.30 to —115.53 (m,
2F), —123.5 to —124.06 (m, 2F), —125.78 to —126.44 (m, 2F);
HRMS (ESI) caled for C,H;;FoNO,S (M + HY), 428.0361; found,
428.0358.

Procedure for the Scale-Up Reaction of 3al. To a dry Schlenk tube
equipped with a magnetic stir bar were added alkene 21 (4 mmol),
Pd(PPh;), (10 mol %), Xantphos (20 mol %), and Cs,CO; (8 mmol).
The tube was closed with a septum, evacuated, and refilled with
nitrogen. Perfluoroalkyl iodide la (8 mmol) and freshly distilled
dioxane (40 mL) were added, and the reaction mixture was then
stirred at 100 °C until 21 was completely consumed (monitored by
TLC). The mixture was concentrated under reduced pressure. The
resulting crude residue was purified via column chromatography on
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silica gel (5:1 hexanes/EtOAc) to afford the desired product 3al (1.27
g, 78% yield).

Radical Inhibition Experiments. To a dry Schlenk tube equipped
with a magnetic stir bar were added alkene 2a (0.1 mmol), Pd(PPh,),
(10 mol %), Xantphos (20 mol %), Cs,CO; (0.2 mmol), and TEMPO
(0.3 mmol). The tube was closed with a septum, evacuated, and
refilled with nitrogen. Perfluoroalkyl iodide 1a (0.2 mmol) and freshly
distilled dioxane (1 mL) were added, and the reaction mixture was
then stirred 12 h at 100 °C. The substrate 2a was completely
consumed (monitored by TLC), and the desired product 3aa was not
observed; 35% yield of the TEMPO-C,F, adduct could be detected by
F NMR (with 0.1 mmol of PhCF; as a internal standard) of the
crude reaction mixture.

To a dry Schlenk tube equipped with a magnetic stir bar were added
alkene 2a (0.1 mmol), Pd(PPh,), (10 mol %), Xantphos (20 mol %),
Cs,CO; (0.2 mmol), and benzoquinone (0.2 mmol). The tube was
closed with a septum, evacuated, and refilled with nitrogen.
Perfluoroalkyl iodide 1a (0.2 mmol) and freshly distilled dioxane (1
mL) were added, and the reaction mixture was then stirred 12 h at 100
°C. 2a was completely consumed (monitored by TLC), and the
desired product 3aa was not observed.

To a dry Schlenk tube equipped with a magnetic stir bar were added
alkene 2a (0.1 mmol), Pd(PPh,), (10 mol %), Xantphos (20 mol %),
and Cs,CO; (0.2 mmol). Perfluoroalkyl iodide 1a (0.2 mmol) and
freshly distilled dioxane (1 mL) then were added, and the reaction
mixture was stirred 12 h at 100 °C. The starting material 2a was
completely consumed (monitored by TLC), and the desired product
3aa was not observed.

Competition Experiments. To a dry Schlenk tube equipped with
a magnetic stir bar were added alkene 2¢ (0.05 mmol), alkene 2d (0.05
mmol), Pd(PPh,), (10 mol %), Xantphos (20 mol %), and Cs,CO;
(0.2 mmol). The tube was closed with a septum, evacuated, and
refilled with nitrogen. Perfluoroalkyl iodide la (0.05 mmol) and
freshly distilled dioxane (1 mL) were added, and the reaction mixture
was then stirred at 100 °C for 12 h. The mixture was concentrated
under reduced pressure. The resulting crude residue was purified via
column chromatography on silica gel (S:1 hexanes/EtOAc) to afford
the desired product 3ad (20.1 mg, 86% yield).

Control Experiments. To a dry Schlenk tube equipped with a
magnetic stir bar were added alkene 2a (0.1 mmol), Pd(PPh;), (10
mol %), and Cs,COj; (0.2 mmol). The tube was closed with a septum,
evacuated, and refilled with nitrogen. Perfluoroalkyl iodide 1a (0.2
mmol) and freshly distilled dioxane (1 mL) were added, and the
reaction mixture was then stirred at 100 °C for 12 h. The mixture was
concentrated under reduced pressure. The resulting crude residue was
purified via column chromatography on silica gel (S:1 hexanes/
EtOAc) to afford the iodine atom-transfer product 4aa (20.1 mg, 35%
yield).

N-(4,4,5,5,6,6,7,7,7-Nonafluoro-2-iodo-2-methylheptyl)-N-pheny!
Ethanesulfonamide (4aa). Pale yellow liquid, yield: 20.0 mg (35%);
'"H NMR (400 MHz, CDCL,) § 7.32—7.15 (m, 2H), 6.72 (t, ] = 7.3
Hz, 1H), 6.56 (d, ] = 7.9 Hz, 2H), 3.63—3.44 (m, 2H), 3.44—3.36 (m,
1H), 3.32—3.18 (m, 2H), 3.09 (t, ] = 9.9 Hz, 1H), 2.92—2.72 (m, 2H),
244-225 (m, 1H), 2.25-2.05 (m, 1H); C NMR (100 MHz,
CDCL,) 6 147.2, 129.3, 116.5, 111.6, 53.1, SL.5 (d, J = 3.3 Hz), 44.7,
34.7,29.0 (t, ] = 22.0 Hz); "F NMR (376 MHz, CDCl,) 5 —81.00 (t,
J=9.5Hz, 3F), —112.25 to —115.52 (m, 2F), —123.92 to —124.42 (m,
2F), —125.71 to —126.18 (m, 2F); HRMS (ESI) caled for
CsH 4FINO,S (M + HY), §71.9797; found, 571.9793.
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